The application of remote sensing technology to water quality monitoring has special significance for lake management at regional scale. Water clarity expressed in terms of Secchi disk transparency (SDT) is a highly useful indicator of trophic status and ecosystem health. In this study, we related Landsat TM and ETMþ data with ground observations to develop a model for the estimation of SDT which can be used as a standardized procedure for regional-scale lake clarity assessment in the central region of Argentina. Samples were taken from two reservoirs of the region. Pearson correlation coefficients and step-wise multiple regression analysis were used to evaluate correlation between Landsat bands and measured SDT. Results suggested that Landsat band 3 plus the ratio 1/3 was a consistent and reliable predictor of SDT (R 2 ¼ 0.80). The algorithm was validated (R 2 ¼ 0.81) and applied to the November 10, 2010 ETMþ image obtaining a map that characterized water clarity of reservoirs within the study area. The procedure presented here could become a low cost measurement tool for water management authorities and decision-makers, obtaining simpler and practical results for regional water clarity monitoring.
INTRODUCTION
Decision-makers are demanding new tools for regional monitoring and assessment of water quality. The conventional measurements of regional assessment are logistically challenging and expensive to perform regularly due to cost, lake accessibility and the number of water bodies requiring repeated sampling (McCullough et al. b) . As a result, sample sizes must be limited and usually cannot encompass each type of water body present in a region; therefore, the status of the water system at a regional scale can be difficult to represent (Zhao et al. ) . According to McCullough et al. (a) , these restrictions lead to field assessments concentrated in developed, easily accessible areas, which create spatially irregular, non-random samples.
Many lakes are rarely or never monitored, so an accurate assessment of their status and change over time cannot be made. Satellite remote sensing has been shown to be a powerful supportive tool for regional water quality assessment, reducing costs and allowing monitoring to occur simultaneously across an extensive area (Trivero et States, and those predictions are more accurate when average depth and watershed wetland area are included in models. Although most of the studies on regional lake water clarity estimation by remote sensing were carried out for the northern hemisphere, little has been done to develop appropriate regional assessment of water clarity in the southern hemisphere.
The objective of this paper was to develop an algorithm to estimate water clarity which can be used as a standardized procedure for regional-scale lake clarity assessment in the central region of Argentina. Thus, we were able to obtain a single standardized method with constant coefficient values that could be used by water management authorities and decision-makers to achieve information for lakes not sampled, allowing an easier comparison of water clarity from different lakes at a regional scale.
METHODOLOGY Study area
The western region of Córdoba province, located in the cen- 
).
Water clarity was estimated in the field by measuring SDT using a standard 20 cm diameter Secchi disk at nine sampling sites in Río Tercero and five sites in Los
Molinos reservoir (Figure 1 ). Coordinates of sample sites were recorded using a Global Positioning System (GPS) device.
Satellite data
We used images from Landsat TM and Landsat ETMþ Tebbs et al. ). Thus, from the pool of suitable images, we selected one Landsat TM image and two ETMþ images (Table 1) .
Image pre-processing
The electromagnetic radiation signals collected by satellites analysis was performed using the thresholds for factor removal with a significance level of p-value more than 0.05. If the p-value is less than the threshold, it means that the null hypothesis is rejected and the regression relationship is then reliable to be used for prediction (Sriwongsitanon et al. ). Thus, we could identify the spectral band or band ratio most correlated with in situ SDT, which were used to generate a model to estimate water clarity for all lakes within the region. In this case, the multiple linear regression model used was 
where Y i refers to the response of the variable SDT, X n are the explanatory variables of each Landsat spectral bands, β n are the regression coefficients, and ε is the random error.
Simple regression analysis was made to evaluate the correlation between estimated versus observed SDT data. The RMSE of predicted SDT, which gives an estimate of the error associated with the estimations (Matthews et al.
)
, was calculated according to
where X i and X are the in situ and satellite-derived SDT and n is the sampling size. 
The 95% confidence intervals for the parameters of the model (Equation (1) 
